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ABSTRACT
Spreading dogbane (Apocynum androsaemifolium L.) is a major weed pest in wild
blueberry (Vaccinium angustifolium Ait.) fields and is difficult to control. In a 2016 trial
conducted in a prune year wild blueberry field, spreading dogbane was sprayed post-emergence
with mesotrione (Callisto) at 146 mL/ha or 219 mL/ha product per application to 1 x 4 m split
plots, with one half also receiving pre-emergence hexazinone (Velpar). Dogbane emergence and
growth were monitored, and plots were sprayed when dogbane reached the 3-5 leaf stage and
again after regrowth for a total of three Callisto applications for each rate. Although both
Callisto-Velpar combinations (93% control in July) and Callisto 219 mL/ha alone (98% control
in July) almost eliminated dogbane, and no new seedlings were observed at the fourth evaluation
in July, dogbane was not completely controlled by any treatment. Some of the dogbane stems
which appeared dead at the third evaluation in June showed regrowth of lateral leaves in July. Ttests comparing Velpar vs no Velpar indicated that the addition of Velpar slightly increased
dogbane control and injury, but the effects were not significant at α=0.05. The commercial
landowner’s adjacent treatment of a split Callisto application followed by a mid-summer
glyphosate wiper application exhibited better long-term control of dogbane, and warrants further
investigation.
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INTRODUCTION
Mesotrione was registered for use on wild blueberry (Vaccinium angustifolium Ait.) in
Maine under the trade name Callisto in 2008, and has proven to be a useful weed control tool for
growers (Yarborough and D’Appollonio 2009). Since its registration, the frequency and timing
of applications have been refined for wild blueberry fields in general, as well as for particular
weed species. As of 2016, a total of 438 mL of Callisto product per hectare per year was allowed
as either one application of 438 mL or two applications of 219 mL at least 14 days apart
(Syngenta 2015). These labeled use rates were effective on most targeted wild blueberry weed
species, but some weed species remain poorly controlled by labeled products and/or application
rates and timings.
Spreading dogbane (Apocynum androsaemifolium L.) is a major weed pest in wild
blueberry fields that reduces yields (Yarborough and Marra 1997) and is difficult to control with
current technologies. Dogbane is a rhizomatous perennial that emerges about the same time as
wild blueberry in Maine and Atlantic Canada (Boyd and Hughes 2011; Wu et al. 2013). It is
known to regenerate from vegetative structures in the soil, and is adapted to survive low intensity
fire as historically used in pruning wild blueberry fields (Jensen and Yarborough 2004; Sampson
et al. 1990; Wu 2010). Early Velpar use in the 1980s increased spreading dogbane populations
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due to its inherent tolerance to hexazinone (Jensen and Yarborough 2004; Yarborough and
Bhowmik 1989). Dogbane control with herbicides occurs in the non-bearing year because crop
year control is limited to pre-bloom Callisto applications (Syngenta 2017) that do not provide
adequate control. In Atlantic Canada, glyphosate spot sprays resulted in more effective and
longer lasting dogbane control compared to hand pulling (Wu and Boyd 2012). Wiping small
populations with glyphosate or triclopyr controlled dogbane with an acceptable level of wild
blueberry injury, but spot spraying or wiping large dense established stands resulted in high crop
injury (Wu 2010; Wu and Boyd 2012). Dogbane is also suppressed by broadcast applications of
nicosulfuron, rimsulfuron, and dicamba, but suppression was not always consistent across sites,
and many factors had to be considered as these herbicides often significantly injured wild
blueberry and reduced yields (Boyd and Hughes 2011; Wu 2010; Wu and Boyd 2012).
Dogbane may also be suppressed with mechanical control methods such as hand pulling,
mowing the tops above the height of blueberry plants or pruning with fire, but these methods
generally do not eliminate all plants and may increase rhizome growth (Sampson et al. 1990;
Yarborough 2011). Hand pulling alone proved ineffective for controlling established spreading
dogbane. It was only effective on new seedlings prior to perennial bud formation because the
root system fragments easily and new individuals can sprout from buds on fragments (Wu 2010).
When mowing was compared to wiping with glyphosate, the latter resulted in a lower per acre
cost and controlled a higher percentage of spreading dogbane, but neither method completely
eliminated it (Yarborough and Marra 1997).
In 2015 we conducted a trial to examine the effect of Callisto and rimsulfuron (Matrix)
on dogbane control (Cote and Yarborough 2016). Dogbane was sprayed post-emergence with
single or split applications of Callisto and Matrix alone or in combination for a total of six
herbicide treatments. The Callisto and Callisto-Matrix treatments resulted in higher dogbane
injury and lower cover overall. The split Callisto treatment was the most effective in controlling
dogbane along with the split Callisto-Matrix treatment, but considering the two had equal wild
blueberry cover and phytotoxicity, the addition of Matrix did not improve control. Wild
blueberry cover and dogbane cover were assessed again in the 2016 crop year, with the most
effective long-term dogbane reduction occurring in the single and split Callisto treatments
(Yarborough and D’Appollonio 2017a, 2017b).
In the trial above, two Callisto applications resulted in better prune year dogbane control
at >80% phytotoxicity and <10% cover by July compared to one application, which had similar
cover but only 25-41% phytotoxicity (Yarborough and Cote 2016b). However, carryover control
in the crop year was mediocre; dogbane cover ranged from approximately 20-30% regardless of
prune year treatment (Yarborough and D’Appollonio 2017a, 2017b). We conjectured that the
second application reduced root reserves by forcing the plants to use resources to leaf out again,
and that additional Callisto applications later in the growing season would be needed to
completely control dogbane. Wu (2010) thought that information about the well-studied similar
species hemp dogbane (Apocynum cannabinum L.) could increase our understanding of
spreading dogbane. Wu et al. (2013) hypothesized that due to its similarities with hemp
dogbane, optimal control of spreading dogbane would probably be obtained by applying a
herbicide between first flower bud formation and first flower opening (486-535 Growing Degree
Days). Therefore, as the objective of the study presented here we investigated a method whereby
dogbane would be monitored for emergence and targeted while small, with repeated applications
based on plant regeneration, to determine a rate-timing regime that would eliminate dogbane
completely.
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MATERIALS AND METHODS
In 2016 a trial was conducted at a pruned commercial wild blueberry field in Township
18, Maine, USA, which historically had a large, dense spreading dogbane population. The trial
was set up as a Completely Randomized Split-plot Design. The main plot treatments consisted of
six 4-m2 replicates each of an untreated check, Callisto 146 mL/ha plus crop oil concentrate
(COC) 1% v/v and Callisto 219 mL/ha plus COC 1% v/v (product rates for all). Because
hexazinone is still used extensively by Maine growers, one half of the split received a preemergence Velpar application at 2.24 kg/ha on 10 May 2016 to assess its effects on dogbane in
conjunction with Callisto. Once wild blueberry emerged, dogbane emergence and growth were
monitored on a weekly basis for initial leaf-out and regrowth. The initial target weed stage was
3-5 leaf stage, and thereafter was regrowth with fully expanded leaves. The plots were sprayed in
entirety at approximately two week intervals on 26 May, 8 June and 22 June 2016 for a total of
three post-emergence Callisto applications at either 146 or 219 mL/ha plus COC 1% v/v (the
latter of which exceeds the labeled rate/ha/year). Immediately prior to each Callisto application,
wild blueberry cover and phytotoxicity, dogbane cover and phytotoxicity, broadleaf weed cover
and grass cover were assessed. A final assessment was conducted 2.5 weeks after the last
application, on 11 July. Cover data were determined by using the Daubenmire Cover Class
system (Mueller-Dombois and Ellenberg 1974) converted to percent, and phytotoxicity was rated
using a scale of 0-10 (0=no damage, 10=100% damaged/dead) which was converted to percent.
The treatments were compared using the PROC GLM Tukey’s test procedure in SAS (SAS
Institute 2016) to determine significant differences (α=0.05) among all treatments, and PROC
TTEST t-tests (α=0.05) to compare Velpar versus no Velpar for each main treatment. Each date
was analyzed separately for significant differences.
RESULTS AND DISCUSSION
All treatment comparisons
Wild blueberry. There were no significant differences in wild blueberry cover or phytotoxicity
among treatments at any evaluation date (p > 0.05, Figures 1 and 2). As expected, wild
blueberry cover increased over time, with the Callisto 146 mL/ha treatment ultimately having the
highest cover regardless of Velpar application. Some initial phytotoxicity was observed in all
treatments, including the untreated check, at the first evaluation; it was determined that this was
caused by the landowner driving through the trial area while spraying the rest of the field with
Callisto 219 mL/ha plus nonionic surfactant and ReQuest water conditioner/ammonium sulfate
replacement on 18 May 2016. Although the operator turned off the tractor’s spray boom,
residual pressure in the boom caused spray solution leakage from the nozzles onto plants in the
trial area; this injury was therefore assessed as background phytotoxicity because it could not be
separated from injury due to our trial applications (see Figures 2 and 3). The wild blueberry
recovered by the second evaluation on 8 June and from thereon out, all blueberry and dogbane
phytotoxicity was assumed to be from trial treatment effects.
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Figure 1. Wild blueberry cover following pre-emergence application of Velpar and post-emergence
applications of Callisto (different letters denote significance; each date analyzed separately).

Figure 2. Wild blueberry phytotoxicity following pre-emergence application of Velpar and postemergence applications of Callisto (different letters denote significance; each date analyzed separately).
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Figure 3. Spreading dogbane phytotoxicity following pre-emergence application of Velpar and postemergence applications of Callisto (different letters denote significance; each date analyzed separately).

Spreading dogbane. Dogbane cover was not significantly different among treatments at the
first three evaluations (p > 0.05). By the fourth evaluation, Callisto at 146 mL/ha with Velpar,
and Callisto at 219 mL/ha with or without Velpar, controlled dogbane significantly better than
Velpar alone (Figures 4 and 5C). Those three treatments also resulted in a non-significant
reduction in dogbane cover compared to the untreated check and Callisto 146 mL/ha (Figure 4,
Figure 5A-C). The former three treatments reduced dogbane cover to less than 10% by the
fourth evaluation, and no new seedlings were observed as had been at the previous evaluations.
The two June evaluations and July evaluation showed significant differences in dogbane
phytotoxicity (Figure 3). The treatments with Velpar tended to have slightly more injury to
dogbane than those without, but at all evaluations there were no differences among the four
Callisto treatments. There were also no significant differences between the untreated check
(10%) and Callisto only treatments (18% - Callisto 146 mL/ha, 23% - Callisto 219 mL/ha) on 8
June, but on 22 June and 11 July the Callisto treatments resulted in significantly more dogbane
injury (60%/77% - Callisto 146 mL/ha and 73%/76% - Callisto 219 mL/ha, respectively)
compared to the check (11%/9%) or Velpar alone (13%/11%). The greatest dogbane injury was
observed on 11 July in the Callisto 219 mL/ha plus Velpar treatment (87%), which
correspondingly resulted in the lowest dogbane cover at 2% (Figure 4).
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Figure 4. Spreading dogbane cover following pre-emergence application of Velpar and post-emergence
applications of Callisto (different letters denote significance; each date analyzed separately).
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Figure 5. Spreading dogbane cover at the July 2016 evaluation in A) the untreated check, B) Callisto 146
mL/ha no Velpar, C) Callisto 219 mL/ha with Velpar, and D) Landowner’s treatments.
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Broadleaf weeds and grasses. There were no significant differences among treatments for
broadleaf weed cover (Figure 6) or grass cover (Figure 7) at any of the evaluation dates. Grass
cover was extremely low in 2016, likely due to the hot dry summer in Maine; all treatments,
including the untreated check, had <1% grass cover at all evaluations and therefore, treatment
differences or lack thereof could not be determined with certainty. Although there were no
differences in broadleaf weed cover, the Callisto 146 mL/ha treatment had the lowest cover
overall at each evaluation, regardless of Velpar application (range approximately 3-10% MayJuly), while the 219 mL/ha treatment had the highest cover regardless of Velpar application
(approx. 6-32% May-July).

Figure 6. Broadleaf weed cover following pre-emergence application of Velpar and post-emergence
applications of Callisto (different letters denote significance; each date analyzed separately).
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Figure 7. Grass cover following pre-emergence application of Velpar and post-emergence applications
of Callisto (different letters denote significance; each date analyzed separately).

T-tests
T-tests for examining the effects of Velpar addition to the main treatments yielded no
significant differences at α=0.05 in wild blueberry cover or phytotoxicity; dogbane cover or
phytotoxicity; broadleaf weed cover; or grass cover for any of the treatments at any evaluation
date.
Discussion
Although the Velpar combinations and Callisto 219 mL/ha alone almost eliminated
aboveground dogbane stems and no new seedlings were observed in July, dogbane was not
completely controlled by any treatment. Some stems which appeared dead on 22 June showed
regrowth of lateral leaves in July (Figure 8). Because dogbane is perennial and can regenerate
from perennial buds on rhizomes, it is uncertain whether the reduction in root reserves from
leafing out multiple times in one year would reduce or prevent emergence, growth or
reproduction the next year.
In contrast to the effects on dogbane cover, in which the Callisto 219 mL/ha treatment
was most effective in reducing dogbane and more so when combined with Velpar, the opposite
was observed on other broadleaf weeds. The higher 219 mL/ha rate of Callisto resulted in higher
broadleaf weed cover, more so when combined with Velpar. The principal weed in this category
was red sorrel (Rumex acetosella L.), another problematic weed in wild blueberry which is hard
to control with Velpar or Callisto and is the subject of several University of Maine trials
(Yarborough and Cote 2016a). We posit that the increase in red sorrel with the higher rate of
Callisto occurred because the reduction of dogbane opened up the over story and increased the
amount of light available, which in turn increased the growth of red sorrel. In addition, any
dogbane over story still present intercepted some spray solution so the red sorrel received a
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reduced amount of herbicide (see Figure 5A-B versus Figure 5C for visual comparison of red
sorrel cover at the fourth evaluation).

Figure 8. Example of lateral regrowth from nodes in the trial area.

The results of the t-tests indicate that the addition of Velpar does not significantly change
the effects of Callisto on dogbane, although there was a non-significant effect of slightly
increased dogbane control and injury. The commercial landowner’s herbicide regime for the
same field resulted in almost no lateral regrowth of dogbane compared to the plants in the trial
area. They applied Callisto 219 mL/ha twice on 18 and 31 May with a nonionic surfactant and
ReQuest, but they also hand wiped the plants with glyphosate (Roundup) plus ReQuest on 18-20
June (Figure 5D) (Yeatts, pers.comm.).
CONCLUSIONS
In conclusion, applying Callisto post-emergence three times at 146 mL/ha was not any
more effective on dogbane than Callisto post-emergence three times at 219 mL/ha, but it did
result in slightly less injury to wild blueberry and better control over time of other broadleaf
weeds present in the trial area. Combinations of Callisto and Velpar can increase efficacy on
dogbane, but the responses of other broadleaf weeds present must be taken into account; if other
weed species are not well controlled with Callisto and/or Velpar, then the reduction in dogbane
canopy may lead to an increase in those weed species. Therefore, it is important to know which
other weeds are present in addition to spreading dogbane in order to determine which rate of
Callisto is most appropriate, and if Velpar is also needed. The additional cost of an additional
herbicide and/or application can be offset by increased revenue due to dogbane reduction and/or
long-term control of other weeds, but under certain circumstances the additional Callisto spray
may provide no benefit, and the application of Velpar may lead to increased weed cover and
control costs.
The contrast between the lateral regrowth in the trial area and improved control by the
landowner’s glyphosate wiper treatment highlights the possibility that total control may be
accomplished by following a split Callisto treatment with a mid-summer glyphosate wiper
treatment once dogbane has regenerated from the central stem. This strategy needs to be
assessed further in a controlled experimental setting. Glyphosate has been shown to be effective
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on hemp dogbane, but there is a risk of damage to wild blueberry (Wu 2010; Wu and Boyd
2012). Finally, as a result of this trial a Section 24(c) Special Local Need Label was registered
for Maine in 2017, which allows for three applications per year up to the maximum allowance of
438 mL Callisto per hectare per year (Syngenta 2017).
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